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(57) Abstract 



An cJccfrochcmical biosensor tcsi stnp (1) that has a minimum vohime blood sample requirement of about 9 mirroliters^ Th^. t^t 

K,^ a r^JenS ^.^1?^ '^"'^ ''"^ ^ " insubtmg substrate (3), which include 3 cmout ,S>rtion (8) 

mat lorms a reagent well. The cutout portion exposes a smaller area of the counter electrode than the workine electrode A reaecnt for 

Tn/rH ffi'^^'^'^K ^^^" ^ «P0^ of worJting and counter electrodes in the reag«, well Ov^^^^ 

01 4 miJJimelcrs by 4.2 millunctcrs. small mesh of 6 miHimctcrs by 5.8 millimeters, and small amount of rcapent 4 microliters before 
drying, allow the t«l stnp to analyze a whole blood sample of about 9 microliters. ^ ' microliters before 
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ELECTROCHEMICAL BIOSENSOR TEST STREP 
Cr<)ss-Rcferenrr,s to Rrfatf >^ f A r plf rnft im : . . 

5 ™*3W"cationisacontii,uatioft.i».partofU.S.>tertappl^^ 

08/198,407, filed Febnuoy 21, 1994. the disdo^Ure of which is hebhy i„conK,rated 
by reference. 

Field of Ttiffl^vynt^ffn 

10 ■ . ■ ■ ■ ■ 

TTus invention relates g«K^ally ,0 the detemim^^^^ 
analy tes in fhiids and ™ore specifically to an an^pero^etric biosensor for use in such 
determination. 

15 Baclcjn-nimft nf TtTf TrTntion 

. Biosensors are not new. Their use in the determination of concentiBtions of 
various analy tes in fluids is also known. 



20 Nankai et al., WO 86/07632, published December 31. 1986. discloses an 

amperometric biosensor system in which a fluid comaimng glucose is contacted with 

ghicose oxidase and potasshim fenicyanide. The ghKose is oxidized and the 
fetricyanide is reduced to feaocyanide. (IDis reaction is catalyzed by glucose 
oxidase.) After two minutes, an electrical potential is applied and a current, caused 
25 by the ft-oxidation of the ferrocyanide to feiricyanide is obtained. TTie current 
vahie. obtained a few seconds after the potential is applied, correlates to the 
concentration of ghicose m the fluid. • 

Because Nankai et al. discloses a mdhod in which the reaction of glucose and 
30 ferricyamde may run tocompktion prior to the application of an electrical potential 
this method is referred to as the "end-point" method of amperometric determination. 

Nankai et al. discloses a system, wherein the ghicose oxidase and potassium 
feiTicyanide are held on a nonwoven nylon mesh. The mesh is positioned so Uiat it is 
3 5 in contact with a working electrode, a counter electrbde and a reference electrode 
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The total surface area of the coimter and reference electrodes is twicp that of the 
working electrode. 

Wogoman, EP 0 206 218, published Dec. 30, 1986 discloses a biosensor 
5 having two electrodes, the electrodes being made of different electrically conductbg 
materials. For example, the anode.is formed from an anode material, such as 
platinum, and the cathode is formed from a cathode material, such as silver. The 
anode is coated with an enzyme. In a preferred embodiment, the coated electrode is 
covered with an elastomer that is permeable to glucose. 

10 

Pottgen et al. , WO 89/08713, published Sept. 21 , 1989, discloses the use of a 
two electrode biosensor, wherein the electrodes are made of the same noble metal, 
but one of the electrodes (referred to as a pseudoreference electrode) is larger than 
the other (working) electrode. 

15 . 

Recently, Polhnann ct al., U.S. Patent No. 5,288,636, issued Feb. 22* 1994, 
disclosed m electrochemical biosensor test strip that includes working and counter 
electrodes of substantially the same sizie and made of the same electrically conducting 
materials. The Pollmann et al. test strip includes a reagent well that will 
20 accommodate a testing sample of human whole blood from about 10 to about 70 
microliters. However, below about 13 microliters, errors in the measurement of an 
analyte, such as glucose, from a whole blood sample may result (low dosing errors). 
Generally, the low dosing error is manifested as an understated measurement of the 

analyte, or no measurement of the analyte by the meter used in conjunction with the 

• ■ 

25 . test strip. Low dosing errors are a particular concern for infants and elderly persons 
who often have difliculty in expressing a reasonably sized blood drop for testing 
. upon pricking their finger with a lancet. . 

Accordingly, it is highly desirable to design a test strip that requires a 
30 minimum volume of blood for the testing of an analyte, such as blood glucose. 

* 

Summary of the Invention 
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Tlie invemion is an electrochemical Wose 
niinimum volume blood sample reqoirottim fl^^^^ 
construction. The preset inventive test strip has a ^^^^ 
spreading mesh than similar prior art strips: Further, the reagent well is positioned 
5 differently than in simflar prior art .^ strips. The minimum blood vohnne sample 
requirement for the new strip is about 9 microliters. 

• - - * 

TTie smaller sample volume requirement means fewer low sample vohnne 
dosing «ibrs result when measuring an analyte. such as glucose, from a whote Wood 
10 sample. ITm result is especially important for those persons, such as infants and the 
elderly, who have difficulty expressing a.reaspnaWy sized drop of blood by prickin^ 
their Imger with a lancet. . Also, with the present i^^^^^^^^ 

meter, which collects current measurements and correlates those measurements to a 
concentration of analyte from a sample, to discriminate low sample voh^me dosing 

15 errors. i^™*er. the smaller reagent well requires less reagent per biosensor strip 

thereby increasing the production vohmie for mass production pfbiosa^^^^ ' 
Strips. ■ \ 

Additionally, when the spreading mesh is affaed to the test strip by an 
20 adhesive tape, the tape inctodes a hole that exposes the reagent well and spreading 
mesh, and further includes air vents on opposing sides of the hole. These air vents 
reduce the occmrence of air bubbles trapped in the reagem well when a sample is 
being tested. Air bubbles can produce testing terors. 

25 Bri ef Description of thp hfa yyjnf ^ 

HG. 1 is an exploded view of the present inventive biosensor test strip. 

30 ''''^ «f*e biosensor test strip without the reagent, spreading 

30 mesh, and adhesive tape with air vents. 

. ™- 3 is a top view of the fully constructed, preferred biosensor test strip. 
HG. 4 is a cross-sectional view of the biosensor of FIG. 3 along lines 21-21. 
HG. 5 iJlustrales hypothetical calibration curves for different lots of 



biosensor lest s&ips. 
T>e5CTi ption of the Preferred Embodiment 

5. The present inventive bioseiisor test strip is similar to the prefOT 

embodiment of the test strip described in PoDrnann et al., U.S. Patent No. 5^88,636, 
issued Feb. 22, 1994, the disclosure of which is hereby incorporated by reference. 
However, the Pollmann et al. strip has a construction such that too many low dosing 
eiTors result when whole blood samples below about 13 microliters are tested for 

- . ■ 

10 blood glucose. 

In the present inventive test strip, reagent well 2 (Fig. 4) has been reduced in 
size over the Pollmann et al. reagent well and repositioned so that a smaller surface 
area of the counter electrode i than the working electrode. 4 is exposed by cutout 
15 portion S, which forms reagent well 2- (Figs. 1-4) Mesh 13, which is a spreading 
- mesh, is also reduced in size over the Polhnann et al. mesh. (Figs. 1, 3, 4) These 
changes in strip architecture result in a test strip that can accurately measure an 
analyte, such as glucose, from a nunimum whole blood sample of about 9 
microliters. . . 

20 

Referring specifically to Figs. 1 through 4, there is shown the presently 
preferred embodiment of the inventive biosensor test strip. 

• . ' . ■ 

■ 

Test strip 1 comprises first and second elecuically iiisulating layers 2 and 3, 
25 respectively. Any usefid msulating materia) will be suitable. Typically, plastics, 
such as vinyl polymers and polyimides provide the electrical and structural properties 
. which are desired. Preferably, these layers are Melinex 329, 7 mil. 

The biosensor test strip shown in Figs. 1 through 4 is intended to be mass 
3 0 produced from rolls of material, necessitating the selection of a material which is 
sufficiently flexible for roll processing and al the same time sufficiently stiff to give a 
useful stiffness to the finished biosensor lest strip. 
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Uyersa andlnuiybeofanyuselulthickness. In a prefeired embodiment, 
layers 2 and a are about 7 mi] thick. 

Working electrode 4 and counter electrode 5 are preferably deposited on a 
5 backing of insulator material 2. such as pplyi„.ide. to reduce the possibility of tearing 

A^J^trode before it is afraed to byer 2. Working electrode 4 and counter 
electrode 5 are substantially the same size and are made of the san« el^^^^ 
conducting material. Examples of electrically conducting materials that may be used 
are palladium, platinum, gold, silver, carbon, titanium, and copper. Noble metals 

10 are preferred bemuse they provide a Wore constant, reproducible electrode surface 
area. I^l>adium is particularly prefened because it is one of the more 
metals to oxidize and because i, is a relatively inexpensive noble metal. Silver is not 
preferred because i, is more readily oxidized by air than the other noble metals listed 
above. Prefenbly . electrodes ± a«l 5 are about 0.1 micron thick and backing 2 is 

15 about 25 mfcrohs thick (commercially available from Courtaulds Perfonna«.c Fihns 
in California and SomhwalJ Teclmologies, Inc.). 

Electrodes 4 and 5 must be sufficiently separated so that the electmrhemical • 

at one electrode do not interfere with U,e electrochemical events at the bther 
20 electrode. Hie preferred distance between electrodes 4 and 5 is about 1.2 , • 
millimeters. 



In the preferred embodiment, electrodes 4 and 5. affixed to backing 2. are 
nnspooled from reels and attached to layer 2 by the use of hot melt adhesive inot 
25 shown). Electrodes 4 and 5 also preferably extend from one end of layer 2 to the • 
other end in parallel configuration. 

• - * 

Insulating layer 3 is fixed on top of layer 2 and electrodes 4 and 5 by the us< 
ofhot melt adhesive (not shown). Layer 3 inctodes cutout portion S. which defines 
30 reagent well §. Both the size and the position of cutout portion § are critical to the 
invention. Cutout portion S must be sufficiently small and must be sufficiently 
positioned such that in combination with the spreading mesh, described below, a 
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minmium whole blood sample volume of about 9 microliters may be accurately 
analyzed by the test strip. The prefened size of cutout portion s is 4 millimeters by 

4.2 millimeters. 

■ 

• • ■ ■ . 

5 In the preferred embodiment, the 4 mm side of cutout portion & runs parallel 

to the long side of the test strip shown in Figs. 1-4. Importantly, cutout portion S is 
positioned over electrodes 4 and i such that a smaller surface area of coimter 
electrode 1 than workmg electrode 4 is exposed. Preferably, the exposed surface 

area of working electrode 4 is twice ais large as the exposed surface area of counter 

• . " . ■ • , . » • • 

10 electrode 5. Surprisingly, offsetting cutout portion S to. expose a smaller surface area 

■> . . . . ■ ■ _ . 

for the counter electrode than the worldbig electrode does, not adven^^ 

• ■ ' ' ■ • ■ ■ . 

measurement of an analyte from a sample being measured. In this preferred 
embodiment, electrodes ^^ili are 1 .5 mm in width. 

* » ■ 

' . • ' - • . * " . 

15 Biosensor test strip 1 may be acconqpanied by a power source (not shown) in a 

electrical connection with the working and counter electrodes and a current 
measuring meter (riot shown) which is also in a electrical connection with the 
working and counter electrodes. 

20 Biosensor reagent 11 (Fig. 4) is placed in well 2 so that it covers substantially 

all of exposed surfaces IQ and 2Q of working electrode 4 and counter 5, respectively, 
(Figs. 2-4) An example of a reagent that may be used in the biosensor test strip of 
the present-invention is a reagent for measuring glucose from a whole blood sample. . 

25 A protocol for making a glucose reagent utilizing the enzyme glucose oxidase 

■ 

and ferricyanide as the oxidized form of the redox mediator is as follows: . 

■ 

Step 1- Prepare 1 liter (in a volumetric flask) of a buffer/NATROSOL mixture by 
adding 1.2000 grams (g) NATROSOL'250 M to 0.740 M aqueous potassium 
30 phosphate buffer (including 80.062 g monobasic potassium phosphate and 26.423 g 
dibasic potassium phosphate) at pH 6.25. Allow the NATROSOL to stir and swell 
for 3 hours. 
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Step 2. Prepare an AVICEL inixttire by stirring 14 0000 g AVICEL RC-SPl F 
504.7750 g water for 20 mintites. 



5 step 3- Prepare a TRITON mixture by adding 0.5000 g TRITON X-100 to 
514.6000 g of the toffer/NATROSOL niixtqrc aiKl stir for K 

Step 4- While stirring, add the total TRITON mixture dropwise with an addiUon 
funnel or buret to the total AVICEL nuxturel Once addition is complete, continue 
10 stitring overnight. 

step 5- To the mixture resuhing from Step 4. add. while stirring. 98.7750 g 
pofeisshim ferricyanide. (Add a litUe potassium fenicyanide at a time to allow the 
potassium ferricyanide to dissolve as added.) 

. 15 . 

Step 6- Stir the resulting mixture of Step 5 for 20 minutes. 

Step 7- Adjust the pH of the mixture resulting from Step 6 to 6.25 by adding 
potassium hydroxide. 
20 •. 

Step 8r To the resultmg mixture of Step 7. add 9. 1533 g glueose oxidase (218.50 
tetramethyl benzidine units per milligram (mg) from Biozyme) and stir at least 20 
minutes. 



25 Step 9- To the resulting mixture of Step 8, add 20 g potassium glutamate. and stir 
at least 20 nimutes. 



Step 10- Filter die resulting mixture of Step 9 through a 100 micron sieve bag to 
remove any. AVICEL clumpmg. The filtrate is the resulting reagent composition 
30 (reagent Ji). which is added to reagent well 2 and is then dried at about 50 C for 
about 3 minutes. " 
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In the preferred embodiment for glucose detennination, 4 mieroliters of 
reagent made by the above-stated, protocol is added to well 2 formed by cutout ^. 
This amount of reagent H will substantially cover surface areias IQ and 2Q of the 
5 electrodes 4 and 5 (Fig. 2) and will also contain a sufficient amount of ferricyanide, 
and a sufficient amount of enzyme (glucose oxidase) to catalyze the oxidation of 
glucose (from a sample of human whole blood) and the reduction of ferricyanide to 
conntpletion, as defined herein, within about 20 seconds. (Prior to adding the reagent 
. to well 2, it is preferable to treat well 2 with a 600 Watt corona arc^ gapped at 
10 1/40,000 iiK:h on a processing line travelling at 4 meters per minute, to make well 9 
more hydrophilic, thereby allowing the reagent to spread more evenly in the well.) 

■ * ■ • * ■ • 

Another glucose reagent that may be formulated includes 300 millimolar 
potassium ferricyanide, 250 millimolar potassium phosphate buffer, 14 grams 
15 microcrystalline cellulose (AVICEL RC-591 F) per liter of reagent, 0.6 grains 

hydroxyethyicellulose (NATROSOL-250 M) per liter of reagent, 0.5 grams Triton X- 
100 surfactant per liter of reagent, 37 millimolar sodium succinate, and 1.57 million 
tetramethyl benzidine units of glucose oxidase per liter of reagent. Sodium hydroxide 

' • * " " 

(6 Normal solution) is used to titrate this reagent to a pH of 6.6. This reagent may 
20 be formulated by the same protocol described above, but amounts of components 
should be adjusted and components substituted (sodium succinate for potassium 
glutamate and sodium hydroxide for potassium hydroxide) to achieve the component 
concentrations stated above. Drying of this reagent in reagent well 2 typically results 
in a loss of enzyme activity of about 30-35%. 

25 

ft 

After drying reagent 11, a spreading mesh li, which has been impregnated 
with a surfactant, is placed over cutout portion & and is affixed to second electrical 
insulator i. Speading mesh 12 is preferably a polyester monofilament mesh from 
ZBF (Zurich Bolting Cloth Mfg. Co. Ltd., Ruschlikbn, Switzerland). The spreading 
30 mesh is preferably dipped in a solution of 0.8% (wt.rvol.) dioctylsodium 

sulfosuccinate (DONS) in a solution of 50:50 (vol.: vol.) methanol: water, and then 
dried. Spreading mesh 13 must be small enough such that in combination with the 

8 



WO97/034S7 „^„,„ 

size Of cutout portion a aixi placemen Of cutout portioo S the 
accurately measure analyte from a mininnim whole blood sample of about 9 
microliteis. The preferable. dimensions of spreading mesh 12 are 6 mm x 5.8mm. 
In the most preferred bioseiuwr strip, the 6 mm side of the mesh is paraUel to the 
5 long side of the strip shown in Figs. m. 

Preferably, spreading mesh iJ is affixed to adhesive tape J4, which inctodes 

hotels: (Rgs. 1,3.4) Adhesive tape His preferably.inade of polyester 
adhesive backing. (Available from tapeniark. Medical Products Division, 223 B. 

10 Marie Ave., St. Paul. Minnesota 55118) Adhesive tape M is preferably dyed 
maroon and hole IS provides a target area for applicaiion of a sample to be analyzed 
by the biosensor. Hole 15 exposes at least a portion of spreading mesh 12 and cuioiif 
portion S, and preferably exposes substantially all of cutoiit portion S. Tape M 
preferably inchides slits 16, as shown in Figs. 1 and 3. located on opposing sides of 

15 hole n. (Two slits li are shown in Figs. 1 and 3, but one slit may be sufficient.) 

■ Slits Ifi constitute air vents, which reduce the occurrence of air bubbles trapped in 
the reagent w^U upon the addition of a siiiple such whole Wood to the reagent well. 
Reducing the occurrence of air bubbles trapped in reagent well 2 results in fewer 
testing errors. 

20 

After drying the reagent and affixing die spreading mesh, the roll-formed 
biosensors are separated by die punching to form discrete biosensors., which are used 
in conjunction with 1) a power source in electrical connection witii the working and 
counter electrodes and capable of supplying an elecrrical potential difference between 

25 the working and counter electrodes sufficioit to cause diffusion limited 

electrooxidation of die reduced form of die redox mediator at the surface of die 
working electrode, and 2) a meter in electrical connection with the working and 
counter electrodes and capable of measuring the diffusion limited current produced by 
oxidation of the reduced fonn of the redox mediator when the above-slated elecuical 

30 potential difference is applied. 
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. ■ • ' ' " ■ . • 

The meter described above will normally be adapted to apply an algorithm 
(discussed below) to the current measureiiient, whereby an analyte concentration is 
provided and visually displayed. Impiovemenls in such power source, meter, and 
biosensor system are the subject of commonly assigned U.S. Patent Number 
5 4,963,814, issued October 16, 1990; U.S. Patent No. 4,99^^^ 
. 1991; U.S. Patent No. 4,999,582, issued March 12, 1991; U.S. Patent No. 
5.243,516. issued September 7, 1993; U.S. Patent No. 5,352,351, issued Oct. 4, 
1994; U.S. Patent No. 5,366,609, issued Nov. 22, 1994; While et al., U.S. Patent 
Application Serial No. 08/073 , 179, filed 6/8/93 Gssue Fee mailed 12/27/94); and 
10: While et al., U.S. Patent Application Serial No. 08/343,363, filed 11/22/94 (Issue 
Fee mailed 5/5/95), the disclosures of which are hereby incorporated by reference. 

For easy electrical connection of the power source and meter, additional 
cutout portion 12 (Figs. 1 through 4), exposing portions of the working and counter 

15 . electrodes, are preferably provided in the biosensor device. 

* 

The biosensor device described above may be used to determine the 
concentration of an analyte in a fluid sample by performing the following steps: 

20 3) contacting a fluid sample, such as whole blood, with a reagent 

(described above) that substantially covers surface areas 10 and 20 of working 
and counter electrodes i and 5, respectively; 

b) allowing the reaction between the analyte and the. oxidized fdrm of the 

« • . . . " 

25 redox mediator to go to completion, as defined herein; 

c) subsequently applying a potential diflerence between the electrodes 
sufficient to cause diffusion limited electrooxidation of the reduced form of 
the redox mediator at the surface of the working electrode; 

30 . 

d) . thereafter measuring the resulting diffusion limited current; and 

10 
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e) conelatiDg the current ineasureiBcm to tiieconb^^ 
thefluid. (Reaction completion is defined as sufficim^ 
analy te and the oxidized form of the redox mediator to correlate analyte 
concentration to diffosion limited cunrent generated 
5 reduced form of the redox mediator at the surface of the working electrode.) 

Many analytc-containing fluids inay be analyzed. For example, analytes in • 
human body fluids such as whole blood, blood serum, urine and cerebrospinal fluid 
may be measured. Also, analytes found in fermentation products and in . ■ 

10 emriromnental substances, which potentially contain environmental . 
may be measured. 



no more 
is 



men measuring analytes found in human body fluids, especially wto^^ 
blood, the potential difference applied between the electrodes is preferably 

15 than about 500 millivolts. When a potential diffidence above about 500 millivolts i 
apphed between the electrodes, oxidation of the working electrode ^ 

palladium) and of some blood components may become intolerable, thereby 
preventing an accurate and precise correlation of current to analyte concentration. 
For an assay of glucose in a whole blood sample, wherein the oxidized form of the 
20 redox mediator is ferricyanide. a potential difference from about 150 roUlivolts to 
about 500 millivolts may be applied between the electrodes to achieve diffusion 
limited electrooxidation of the reduced form of the redox mediator at the surface of 
the working electrode. Preferably, about 300 millivolts potential difference is applied 
between the eJecirodes. 

* * _ • 

. . • . . . 

25 . - 

Current generated from die oxidation of the reduced form of the redox 
mediator may be measured at any time from about 0.5 seconds to about. 30 seconds 
after the potential difference is applied between the electrodes. At less than about 0.5 
seconds, diffusion limited current is difficult to measure due to the charging current. 
30 Alter about 30 seconds, convection becomes significant, thereby interfering with the 
measurement of a diffusion limited current. 



11 



wo 97/02487 PCTAJ596/11240 

The current measured during the assay of an analyte from a fluid sample may 
be correlated to concentration of the analyte in the sample by application of an 
algorithm by the current measuring meter. The algorithm may be a simple one, as 
Slustrated by the following example: 

[Analyte] = Ci 7,5 + d 

wherein [Analyte] represents, the concentration of the analyte in the sample (see Fig. 
5), .i 7 5 is. the cunent (in nucro^ps) measured at 7.5 seconds after application of 

10 the potential difference applied between the electrodes, C is the slope of line 22 (Fig. 

• • •* " 

5), and d is the axis intercept (Fig. 5). 

By making measurements with known concentrations of analyte, calibratioii 
curve 22 (Fig. 5) may be constructed. This calibration will be stored m the Read 
15 Oidy Memory (ROM) key of the meter aiid will be applicable to a particular lot of 
biosensor test strips. Lines 24 arid 26 in Fig. 5 . represent other hypothetical 
calibration curves, for two other different lots of biosensor test strips. Calibration for 
these biosensor lots would generate slightly difTerent vahies for C and d in the aboye 
algorithm. 

20 

■• ■ , . 

In analysis of glucose. from a sample of human whole blood, 20 jil of whole 

• a • ' 

blood is preferably added to the above-stated glucose reagent. The reaction of 
glucose and ferricyanide is allowed to go to completion, thereby forming gluconic 

• • * ■ ■ 

acid and fenrocyanide. This reaction normally requires a short time, preferably less 
25 than about 20 seconds, to go to completion. About twenty secorids after addition of 
the whole blood sample, a potential difference of about 300 millivolts is applied 
between the electrodes, thereby oxidizing ferrocyanide to ferricyanide at the surface 
of the working electrode. Current measurements are made at 0.5 second intervals 
ft^om 1 second to 7.5 seconds after the potential difference is applied between the 
30 elecnodes. These current measurements are correlated to the concentration of 
glucose in the blood sample. 

12 
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In this example of measuring glucose from a bl(x^ 

measurements are naade at different times (from 1 second; to 7.5 seconds after 

■ 

application of the potential difference), rather thaii at a single fixed time (as described 
5 above), and the resulting algorithm is more complex and may be represented by the 

following equation: 

- 

[Glucose] = Ci ii + C2 12 + C3 13 + ...€„ in + d, wherein ij is the 
curi-ent measured at Jhe first measurement lime (1 second after application of the 300 

10 millivolt potential difference), i2 is the current measured at the second measureinent 
time (1.5 seconds after application of the 300 miJIivoll potential difference), 13 is the 
current measured at the third measurement time (2 seconds after. an)licati6n of the 
300 millivolt potential difference), i„ is die current measured at the n^h measuremeht 
time (in this example, at the 14* measurement time or 7.5 seconds after application 

15 of the 300 millivolt potential difference), C]. C2. C3, and are coefficients derived 
from a multivariate regression analysis technique, such as Principle Components 
Analysis or Partial Least Squares, and d is the regression intercept (in glucose 
concentration units). (A modification of this procedure may be used in the event that 
calibration curves illustrated by Fig. 5 have considerable curvaftire.) 

20 

Alternatively, the concentration of glucose in the sample being measured may 
be determined by integrating the curve generated by plotting current, i, versus 
measureinent time over some time interval (for example, from 1 second to 7.5 
seconds after application of the 300 millivolt potential difference), thereby obtaining 
25 the total charge transfened during the measurerneni period. The total charge 
transferred is directly proponional to the concentration of glucose in the sample 
being measured. 

Further, the glucose concentration measureinent may be corrected for 
3 0 differences between environmental temperauire at the lime of acuial measurement 
and the environmental temperanire at the time calibration was performed. For 
example, if the calibration curve for glucose measurerneni was constructed at an 

13 
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environmental temperature of 23"C, the glucose measurement is corrected by using 
the following equation: 

[GhicoseJcOTected = IGhicose] measured * (l-KCT-aS^C)), wherein T is tljc 
5 environmental temperature (in »Q at the time of the sample mrasurdnent and K is a 
constant derived from the following regression equation: . . 

Y. = KCr-23), 

10 wherein Y.= [Glucose] measured at 23"C : lGlucoseJn,easured at T»C 

lG»»«»^Wasur?d at TOC 

In order to calculate the value of K; each of a multiplicity of glucose concentratipns 
15 is measured by the meter at various temperatures, T. and at 23**C (the base case). 
Next, a linear regression of Y on T-23 is performed. The value of K is the slope of 
this regression. 

The glucose concentration of a sample may be accurately and precisely 
20 measured by the present inventive method utilizing the presient invehUve biosensor. 
Further, when a sample of human whole blood is measured, error due to hematocrit 
effect is iiisignificant in the range of 3(>-55% hematocrit. 

Other examples of enzymes and redox mediators (oxidized form) that may be used in 
25 measuring particular ana}ytes by the present invention are listed below in Table 1 . 



TABLE 1 



ANALVTC 


ENZYMES 


REDOX MEDIATOR 
(OXIDIZED FORM) 


ADDmONAL MEDIATOR 


GLUCOSE 


GLUCOSE DEHYDROGENASE 
AND DIAPHORASE 


FERRICYANIDE 




GLUCOSE 


GLUCOSE-DEHYDROGENASE 
(QUINOPROTEJN) 


FERRICYANIDE 




CHOLESTEROL 


CHOLESTEROL ESTERASE 
AND CHOLESTEROL OXIDASE 


FERRICYANIDE 


2>D1METHYL-L4- 

BENZOQUINONE 

2.5.DICHLORO-1.4- 

BENZOQUINONE 

OR PHENAZINE 

ETHOSULFATE 
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HDL 
CHOLESTEROL 



TRIGLYCERIDES 



LACTATE 
LACTATE 



LACTATE 
DEHYDROGENASE 



PYRUVATE 
ALCOHOL 



BIURUBIN 



URICAaD 



LIPO?ROTEIN LIPASE. 
GLYCEROL KINASE, AND 
GLYCEROL-3>FH05P»ATE 

OXIDASE 



LACTATE OXIDASE 

LACTATE DEHYDROGENASE 
ANDDIAFHORAiSE 



PYRUVATE OXIDASE 
ALCOHOL OXIDASE 



BIURUBIN OXIDASE 



FERRICYANIDEOR 

PHENA2INE 

ETHOSULFATE 



F£KRICYANID£ 

FERRICYANII^ 
PHENA2JNE 
ETHOStJLFATE, OR 
PHENA2INE 
METHOSULFATE 
FERRICYANIDE, 
PHENA2INE 
ETHOSULFATE, OR 
l^HENAZINE 
METHOSULFATE 
FERRICYANIDE 
PHENYLHNEDIAMINE 



l-METHOXY- 
PHENAZIKE 
METOOSULFATE 




2.6-DIMEniYH.4- 
BENZOQUINONE 
2>DICHLORO.|,4f 
BENZOQUmONE 
ORHDBNAZINE 
ETHOSULFATE 



PHENAZINE 
METHOSULFATE 



2.6-DlCHLORai.4- 
BEWZOQUINONE 



IS 



In some of the examples shown in Table 1. at least one additional enzyme 
used as a reaction catalyst Also, some of the examples shown in Table 1 iiiay utilize 
an additional mediator, which facUitates electron transfer to the oxidized form of the 

* • • • 

5 redox mediator. The additional mediator may be provided to the reagent in lesser 
amount than the oxidized form of the redox mediator. 



When compared to the preferred embodiment of the closest prior art biosensor 
test strip, disclosed in Polhrann et al., the present inventive biosensor has the 
10 following distinguishing features: 



1 



reagent well 9 is 30% smaller; 



2. when the workiiig and counter electrodes are substantially the same 
15 size, the exposed surface area of the counter electrode in the reagent well is less than 

the exposed surface area of the working electrode in the reagent well; 

3, a smaller amount of reagent is needed in the reagent well (4 microliters 
of reagent vs. 6 microliters of reagent in the preferred embodiment of Pollmami et 

20 al:); • 
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■ ■ ' 

4. a smaller ^reading mesh is needed; and 

• , . . ■ , , 

5. air vents are included on opposing sides of the reagent weU. 

. .A smaller sample volume requirement to properly dose the test strip means 
fewer underdosing errors will result. This result is especially important for those 
persons, such as infants and the elderly who have difificulty in obtaining a reasonably 
sized blood drop after pricking their finger with a lancet. The present inventive strip 
10 makes it easier for a current measuring meter to discriminate low sample volume 

■ ■ 

dosmg errors. Also, using less reagent per sensor increases production volume for 
mass producing sensors. Further, providing side air vents near the reagent well 
reduces the occurrence of air bubbles trapped in the reagent well, which results in 
fewer testinjg errors. 

IS ■ : 

The present invention has been disclosed in the above teachings^ and drawings 
with sufficient clarity and conciseness to enable one skilled in the art to make and use 
the invention, to know the best mode for carrying out the invention, and to 
distinguish it from other inventions and what is old. Many inventions and obvious 
2 0 adaptations of the invention will readily come to mind, and these are intended to be 
contained within the scope of the invention as claimed herein. 
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What is claimefl f^^; 



1 . A device for detecting or measiiring the concentration of an analy te, 
comprising: 



10 



15 



20 



a first electrical insulator; 

: • .' " * ■ 

a pair of electrodes consisting of working and counter electrodes of ; 
substantially the same size, the electrodes being made of the same eleclricalty 
conducting materials and being supported on the first electrical insulator- 

a second electrical insulator, overlaying the first electrical insulator and the 
electrodes and including a cutout portiorj thit exposes a smaller surface area 
of the.counter electrode than the working electrode- 

a reagent for detecting or measuring the concentration of the analyte, the 
reagent substantially covering the exposed electrode surfaces in the cutout 
portion; and . 



a spreading mesh, impregnated with a surfactant, overlaying the cutout 
portion and affixed to the second electrical insulator 



wherein the cutout portion and spreading roesh are of sjufTicient size and the 
reagent is in sufficient amount to receive a minimum whole blood sample of 
2S about 9 microliters for analyzing the analyte . 

2. The device of claim 1 ; wherein the spreading mesh is affixed to the second 
substrate by tape having an adhesive on one side and a hole that exposes at 
least a portion of the spreading mesh and the cutout portion, and wherein the 
30 tape also mchides at least one slit near the hole, thereby providing at least one 

air vent. 
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3. The device of claim 1, iurther comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 

* " ■ m 

4. The device of claim 2» wherein the tape includes slits on opposing sides of the 
5 hole, thereby providing two air vients. 

5. The device of claim 2, wherein the cutout portion is 4 millimeters by 4.2 

miUimeters. 

■ 

10 .6. The device of claim 5, wherein the spreading. mesh is 6 millimeters by 5,8 
millimeters. 

7. The device of claim 6» wherein the amount of reagent is 4.microl)ters before 
drying. . 

15 . 

. . 8. The device of claim 7, wherein the spreading niesh is impregnated with 
dioctylsodium sulfosuccinate. 

9. The device of claim 8, wherein the hole in the tape exposes substantially all of 
20 the cutout portion. 

10. The device of claim 9, further comprising a current measuring meter in 
electrical connection with the working and counter electrodes. 



PCT/US9M1240 



1/3 




15 





Fig. 1 



• •• . - ' - • ' * 

Wb97/»2487 PCT/DS96/U240 

2/3 



1 




IfTTERNATIONAL SEARCB REPORT 



IntcrDfttx>h»] application No. 
PCTAJS96/11240 



A. CLASSinCATlON Of SUBJECT MATTER 
IPC(C) :C01N 27/327 
U5CL :2O4/409 

According to btemaiSoni) P&toit Cla»siiicatioB (BPC) or lb bolb.nal*oDa| dassificaUon and IPC 
B> FIELDS SEARCHED 

Mimnwm docuniaitiiiofi acaicbed (clakstficalioii aytfcm fbthmd by cbtaificalion symbob) 
U.S. : 204/403.416,418,449; 435/817 



DocwnenlatioD Kaiclied other iKin nummum documoHatioa to the extent that such dbcumcnls .re included 



in the fields searched 



Ekomnic dau hue eonsuhoi during the wtemalibnal seaich (name of data base and, where practicable, acarch 



terms used) 



C DOCUMETOS CO^ISIlttlm) T O BE RELEVANT 

Catcgoiy* j Citation of document, with indication, where approprialc, of the iclcvanl 



passages 



Relevant to claim No. 



US, A, 4,842,712 (Seshimotp et al), 27 June 1989, see 2 4-10 
column 3, line 30. ' 

us, A. 4,897,173 {Nankai et al), 30 January 1990 'see MO 
column 3, lines 26-64, ' 

US, A, 5,288,636 (Pollmann et al)> 22 February 1994 see 1-10 
colunrin 9, line 43. ■ 

US, A, 5,385,846 (Kuhn et al) 31 January 1995, see VI 0 
colunDn 2, line 61 to column 3, line 50. 

US, A, 5,395.,504 (Saurer et al), 07 March 1995, seelMo 
column 6, line 61 to column 7, line 1 6. 



I I . Forther documcnlB are listed in the 



•A* 

•o- 



contiDuaiion of Box C. []] See patent family annex. 



' apoBDCoi imbliAcd >ft»r the inlrmrtwftmt fiCns d«te of pnoiity 



SB «r after Ihe 



«o pnontT cl 
ctfnl to otab&b ihe puMkatien dUc off locAcr c 



» or whkb 



.y. 



docutxtcnl of p«rdcuW icIcwmkc; flie cU 

cocwidcm! Dovtl of c^ttac* be oooiidcrvd lo isvoKc 
wLok ihc documcst ■§ tAnt 



iB *o onl 



cihiMlioB or olhcr 



I F^'k^^ pnot lo the mItfitflwiMl dbit U« 
Ite prionty dUc churned 

Date of the actual completion of the iotcmational search 
20 SEPTEMBER 1996 



be 



docwDCD* of pftftk^iW rrlmf^ ihe ckouMl »va>l»oa omido« be 
OMMrfcnal to iDvelvc mi nwca^e atop wbcn tbc doootxat v 
oorabiocd wift «r iDMv ote «vch docun^^ 
bcB« o|bvMMi» M ■ pcnoa aluDcd b Ac ut 



Name and mailing address of the ISA/US 
ConmiiBnooer of PkicDif umJ Tr»dcin»ris 
Boi PCT 

WubiqgtoB^ DX. 20231 



Dale of mailing of the international search tepon 

2 7 NOV 1996 



Facsimile No. (703^ 305^3230 



Form Krr/JSA/210 (second shcct)(July 1992)* 



Authorized oflkxr 
T. TUNG 

one No. (703) 308O329 



iTclcphon 



